GRACE in the gravitational frame of reference, we follow the methodology of the im-144 proved geocenter solution by Sutterley and Velicogna (2019) , using the same corrections 145 applied to the GRACE harmonics used in the spherical cap mascon calculation, outlined 146 below, for consistency. The Sutterley and Velicogna (2019) solution uses an iterative method 147 to calculate geocenter terms with the effects of self-attraction and loading. The Planck-Institute for Meteorology Ocean Model (MPIOM) (Jungclaus et al., 2013) har-149 monics provided as part of the RL06 data release are used in combination with the GRACE 150 mass change coefficients on land to iteratively solve for geocenter terms. The GRACE 151 coefficients are de-striped following Swenson and Wahr (2006) , smoothed with a 300-km 152 radius Gaussian smoothing kernel (Wahr et al., 1998) , and corrected with the A et al.
153
(2013) GIA model for the geocenter calculation. 154 To ensure that our results are robust with respect to the GIA correction, we use 155 the GIA statistics provided by Caron et al. (2018) , which uses regional constraints and 156 variations of ice history and earth structure through 128,000 forward modeling runs to 157 provide a probability distribution function from which the expectation value of present-158 day GIA and the full covariance matrix associated with the errors are derived. Using a 159 probability distribution function as opposed to a single GIA product allows us to assess 160 the robustness of our results with regards to the GIA correction. We assess the GIA er-161 ror using the full covariance matrix following Wahr et al. (2006) . The GIA probability To produce regionally-optimized estimates of mass balance from Level-2 GRACE 169 harmonics we use the least-squares mascon approach, which uses variable-sized spher-170 ical caps described in Mohajerani et al. (2018) . This procedure generates a set of region-171 ally configured spherical caps based on the characteristics of the local mass change to 172 calculate localized mass balance estimates from the GRACE harmonics. The caps are 173 organized to sample roughly uniform distributions of mass. The design allows the sum 174 of the designated mascons to capture the mass change only within the area of interest size allows each cap to sample a more uniform region and refine the spatial extent of the 177 area being sampled. However, smaller caps are more heavily influenced by noisier higher 178 degree (shorter wavelength) harmonics (Wahr et al., 2006) . Therefore, a higher mass change 179 signal in the area of interest allows the use of slightly smaller caps without being dom-180 inated by noise. GRACE stokes coefficients are regressed against these regionally defined 181 spherical caps with uniform and unitary mass using a simultaneous least-squares fit to 182 calculate weights for each mascon (Jacob et al., 2012; Velicogna et al., 2014; Sutterley 183 et al., 2014) . For the areas of interest, multi-layer hexagonal grids with different reso-184 lutions are used to create the spherical caps. In the Amery region, the caps range from 
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The land/ocean leakage is calculated in two ways. First, the sea level fingerprint 209 of the region of interest (Hsu & Velicogna, 2017) is scaled by the total mass change de-210 rived from GRACE. This calculation produces an estimate of the contribution from land 211 to ocean, which is used to adjust the mass loss trend. We assume a conservative error 212 of 100% in the error budget for this correction. In addition, we take into account the con-213 tribution of the ocean signal that leaks into the mascons of interest. While the sensitiv-214 ity kernels in Figure 1 have ringing over the ocean, the atmospheric and oceanic com-215 ponents are removed from the GRACE GSM harmonics and therefore there is minimal 216 signal in these areas. As a conservative estimate, we use the total ocean signal provided ing the maximum value between the "island" and "hole" leakages as the total leakage, 232 we calculate the difference between the two. This approach produces a better assessment Accepted Article manuscript submitted to Geophysical Research Letters tal mass budget as the synthetic field instead of taking the maximum leakage obtained 242 from SMB-only and MBM fields, which provides a more accurate leakage estimate with 243 a more realistic synthetic field.
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The interpolated SMB values are integrated within the kernel to produce analo-245 gous estimates to the GRACE measurements. We use a threshold of 5% in how much fidence in the mass balance assessment using these independent methods. This area also 279 exhibits an acceleration in mass loss. Table 1 outlines the acceleration and correspond-280 ing error for regions where a quadratic regression model is applicable. This is analogous 281 to Table 1, excluding the GIA errors, which do not affect the acceleration since the GIA 282 correction is a constant signal. We find an acceleration in mass loss of 1.6±0.9 Gt/yr 2 283 with GRACE, in agreement with the acceleration of 2.0±0.2 Gt/yr 2 from MBM. (Visser et al., 2002) . The agreement between our independent GRACE 314 and MBM estimates suggest that this earlier estimate of the mass loss is too high. Fur-315 thermore, with the regionally-optimized mascon approach, we successfully isolated the 316 mass balance of the Getz drainage basin with a mascon-to-mascon leakage error that is 317 only 45% of the total signal (Table 1) . Considering the proximity of this region to the 318 high mass change signal of Amundsen Sea Sector glaciers, we conclude that this demon-319 strates the practicality of our approach at the sub-basin scale in Antarctica.
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In the Amery region, we find that MBM/RACMO2.3p1 is in agreement with GRACE, University glaciers in East Antarctica ( Figure S1 ). Given that all mass budget estimates 324 in a given region share the same discharge values, the differences must be attributed to 325 the SMB models. As outlined in Section 2, the cumulative time-series are calculated by 326 integrating the total monthly SMB and discharge values through time. As a result, dif-327 ferent trends in the MBM time-series must be attributed to either disagreeing tempo-328 ral variability or differences in mean SMB across models. The monthly SMB time-series 329 do not exhibit statistically significant trends in any of the regions. However, there are 330 considerable differences in the mean magnitude of monthly SMB time-series, as outlined 331 in Table S1 Larger monthly magnitudes lead to faster cumulative growth compared to 332 the cumulative discharge time-series, resulting in a more positive MBM time-series. It 333 is important to emphasize that this result does not depend on a reference period since 334 the mass balance is simply the difference between absolute SMB and absolute discharge.
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In the Amery region, where MBM/RACMO2.3p2 and MBM/MAR3.6.41 do not 336 agree with GRACE, the mean SMB values appear to be more than 10 Gt/yr larger com-In the Getz area, the mean SMB values are in better agreement across all models, con-339 sistent with the agreement between MBM estimates and GRACE in Figure 1 and Ta-340 ble 1. Given that the monthly SMB time-series do not exhibit significant trends and the 341 discharge values are the same across the MBM estimates, we conclude that the differ- Figure S2 shows the adjusted time-series for Amery, where the mean SMB from RACMO2.3p2 347 and MAR3.6.41 are lowered by 87.9%, and 87.1% respectively.
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The modifications brought to RACMO2.3 version p2 compared to p1 made the coast- 
